Background. Denmark's systems of registry-based data offer a unique opportunity to examine, on a population basis, risk factors for invasive pneumococcal disease (IPD) relating to perinatal and crowding exposures among children. The main objective of this study was to identify the role of familial and day care factors in the risk of IPD among unvaccinated infants and children.
available, it is presently not included in the Danish childhood vaccination program.
Previous studies have suggested associations between IPD and both low birth weight and crowding on the basis of case-control findings [6] [7] [8] [9] [10] [11] . However, these studies were based on relatively small numbers of cases and could have undetermined biases. For example, day care attendance in the United States may be heavily biased by social, economic, and educational factors. Denmark is a relatively homogeneous society, compared with larger Western nations and, thus, has less socioeconomic variation than the United States [12] . In addition, Danish municipalities guarantee placement in public day care, and ∼75% of Danish children aged 3-5 years are enrolled [13] . Because of the availability of national population-based registries, we have been able to assemble one of the largest studies of IPD, to our knowledge, and also match case patients to control subjects from the same community. Finally, we have high-quality data regarding day care attendance, with dates of enrollment and withdrawal recorded monthly, thereby permitting analysis of the timing of infection from the time of first enrollment. These many advantages provided us with a unique opportunity to examine a large population for risk of IPD according to family structure and day care exposure.
METHODS
The present study is based on an individual-level linkage of 6 Danish national data sources: the Danish Streptococcus Database [14] , the Danish Civil Registration System [15] , the Danish Medical Birth Registry [16] , the Childcare Database [13] , the National Register of Patients [17] , and the Integrated Database for Labor Market Research [18] . The study was approved by the Danish Data Surveillance Authority (no. 2004-41-4345). A matched, nested, case-control design was used in the Danish population, of which 395,116 persons were 0 through 5 years of age in 2005.
Definition and ascertainment of case patients. IPD was defined as isolation of pneumococcus from a normally sterile site (i.e., blood, CSF, peritoneal fluid, or synovial fluid). Cases were selected from the Danish Streptococcus Database, which was established as part of a national surveillance program of IPD among patients who were hospitalized in Denmark since 1938 [14] . Cases in the database are recorded with a unique personal identifier that is also used in other national Danish registers, thereby making linkage possible.
All children aged 0-5 years who received a diagnosis of IPD on or after 1 January 1980, who were born as singletons in Denmark between 1 January 1977 and 1 May 2005, and who were living in Denmark at the time of diagnosis were included in the study. Only children who received a diagnosis on or after 1 January 1980 were included to ensure complete registry information. Among these children, 43 (3.1%) had recurrent IPD, but only the first event was included to simplify statistical analysis. Twins were excluded, because of small sample size. We further restricted case patients to individuals whose mothers were born on or after 1 January 1935 to ensure complete registry information on all siblings who were born to the same mothers.
Selection of population control subjects. Control subjects were sampled from the Danish Civil Registration System. This registry, established 1 April 1968, maintains daily updated demographic information on all residents of Denmark [15] . The risk-set sampling technique was used [19] -that is, a selection of control subjects from a population of at-risk persons in the Danish population at the time of disease occurrence of the case. More specifically, as with case patients, control subjects had to be born as singletons in Denmark by a mother who was born after on or after 1 January 1935 and be at risk for IPD-in other words, be alive, without having received a prior diagnosis of IPD, and living in Denmark at the time of diagnosis of the corresponding case. We sampled 10 population control subjects ( ) per case patient, individually matched to sex and n p 12,893 exact date of birth. Case patients were eligible to be control subjects as long as they were at risk for IPD (i.e., until the first date of IPD diagnosis). Control subjects were assigned a pseudo IPD diagnosis date equal to the time of diagnosis of the corresponding case patient.
Assessment of exposure and confounding variables. From the Danish Civil Registration System, we obtained the following information for all persons under study: age, sex, county of birth, and maternal age at birth. The following information was obtained for all individuals in the study from the Danish Civil Registration System regarding residential status at the time of receipt of diagnosis or pseudodiagnosis: number of older siblings, number of younger siblings, age of youngest older sibling, and urbanization at residence (population per km 2 , !50, 50 to !500, 500 to !2000, 2000-4000, or 14000 persons). Birth variables were obtained from the Danish Medical Birth Registry and included weight, gestational age, Apgar score at 5 min, and mode of delivery. The Danish Medical Birth Registry was established 1 January 1973, and contains data on all live and still births by women who have residence in Denmark [16] . Information on Apgar scores has been available in the Danish Medical Birth Registry since 1978. We used "Apgar score at 5 min" as a dichotomized variable, characterized as being either normal (10) or below normal (!10). In 2004, 92% of infants born in Denmark had an Apgar score of 10 at 5 min [20] . Information regarding attendance at day care facilities was retrieved from the Childcare Database [13] . This database contains complete information on attendance at all types of public day care, including dates of enrollment into and withdrawal from day care. At age 6 months and at age 1 year, 21% and 53% of Danish children, respectively, were enrolled in a public day care facility [13] . The Childcare Database was established in 1989 with gradually increasing national coverage; it has, since 1998, covered 190% of all 0-5-year-old children in Denmark. Only children who were living in municipalities that had a complete registry at the time of receipt of diagnosis or pseudodiagnosis were evaluated. If the child was not registered as attending day care, the child was considered to be cared for at home. Time since enrollment was calculated as the number of months since enrollment into day care at the time of receipt of diagnosis or pseudodiagnosis.
Comorbidity was defined as hospitalization due to у1 of the following diseases before receipt of diagnosis or pseudodiagnosis: cancer (all types except benign), cardiovascular disease, chronic lung disease, renal disease, gastrointestinal disease, functional and anatomic asplenia, endocrine disorders, neurological disease (all types except infectious), autoimmune disease, hematological disease, inherent immune deficiencies, birth defects, or HIV infection. Information about comorbidities was extracted from the National Register of Patients, a registry containing information on all admissions, treatments, and discharge diagnoses of all patients who have been treated in Danish hospitals since 1977 [17] .
The Integrated Database for Labor Market Research supplied information regarding the level of education and household income for each study individual. This database has maintained annually updated information on all residents of Denmark since 1980 [18] . Each child under study was assigned a level of education corresponding to the person with the highest level of education in the household at the time of receipt of diagnosis or pseudodiagnosis.
Statistical analysis. The association between perinatal-related and crowding-related variables and the risk of IPD was expressed by rate ratios estimated in a conditional logistic regression using the PHREG procedure (SAS) [19] . The association was analyzed separately in 3 age strata (0 to !0.5 years, 0.5 to !2 years, and 2-5 years). The adjustment variables were identified in the following way. Initially, the 5 variables regarding perinatal characteristics presented in table 1 were included in 1 model. Adjustments were made for variables that were statistically significant at a 5% level in this model in at least 1 of the 2 age strata (birth weight, gestational age, and maternal age at delivery). Although birth weight and gestational age were each statistically significant in univariate analyses, these variables were highly correlated with one other; we included only birth weight in the final model. Number of older siblings was similarly identified from the 4 variables regarding siblings in table 2. In addition, rate ratios were adjusted for comorbidity, household income, level of education of the most highly educated person in the household, urbanization, and county of birth in Denmark, each of which were associated with IPD (data not shown). All P values were calculated on the basis of likelihood ratio tests.
RESULTS
Among children 0-5 years of age, 1381 cases (affecting 577 female patients and 804 male patients) of first-event IPD were diagnosed in Denmark from 1 January 1980 to 1 May 2005. The incidence rate of IPD among children aged 0 to 5 years in 2004 was 22 episodes per 100,000 individuals, and rates peaked in 0-2-year-olds at 45 episodes per 100,000 individuals. More specifically, the incidence of pneumococcal meningitis peaked at 19 episodes per 100,000 individuals among children aged 6-12 months, whereas incidence of pneumococcal bacteremia peaked among children aged 13-18 months at 47 episodes per 100,000 individuals.
Risk factors for IPD during the first 6 months of life. Table 1 shows the associations between perinatal factors and IPD. Infants born preterm or with a low birth weight had an increased risk of IPD during the first 6 months of life. Infants with a low birth weight had a 12-fold increased risk of IPD and those born prematurely had a 2.6-fold increased risk of IPD. However, gestational age and birth weight were highly colinear; after adjusting gestational age for birth weight, no association between gestational age and IPD remained. No trend with increasing birth weight and risk was observed among children who were born with a birth weight of !2500 grams ( Among the 876 infants aged 0 to 5 months, only 14 (1.6%) attended day care at the time of receipt of diagnosis or pseudodiagnosis, and the association between day care attendance and IPD was not statistically significant, although a high rate ratio was observed in the early period of day care enrollment. Risk factors for IPD among children aged 6-23 months. After the age of 6 months, children who were born preterm still had increased risk of developing IPD. In contrast with infants 0 to 5 months old, children aged 6-23 months who had older siblings had a lower risk of IPD (aRR, 0.56; 95% CI, 0.47-0.65), compared with children aged 6-23 months who had no older siblings. The effect of having older siblings was the same, irrespective of the number of older siblings ( ). Risk was lower when the next older sibling was P p .17 trend closer in age. The sex of the youngest older sibling was not associated with risk of IPD, and no cross-sex interaction between the sex of the case patient and the sex of the youngest older sibling was found (data not shown). Because the median age at receipt of diagnosis of IPD was 1.2 years, few children had younger siblings.
Children attending day care, compared with those who were cared for at home, experienced the highest risk for IPD in the first 2 months after enrollment into a day care program and also had a high risk for IPD 3-5 months after enrollment ( ). The higher risk (0-2 months after enrollment) was P ! .01 trend primarily observed in children who did not have older siblings (aRR, 4.22; 95% CI, 2.61-6.82) but was also present, to a lesser extent, in children who had older siblings (aRR, 1.38; 95% CI, 0.81-2.35).
Risk factors for IPD among children aged 2-5 years. NOTE. All variables are adjusted for the following confounders (the variable under study not included): birth weight, maternal age at delivery, number of older siblings, comorbidity, household income, level of education of the most highly educated person in the household, urbanization, and county of residence in Denmark.
a P values determined using the test for homogeneity. b Not adjusted for birth weight.
No perinatal risk factors were associated with risk of IPD in children 12 years of age. In children у2 years of age, the risk of IPD in individuals with and without older siblings did not differ, and no association between age or sex of the youngest older sibling and risk of IPD was observed. Children aged 2-5 years who had younger siblings were not at increased risk of IPD, compared with those who did not have younger siblings. In contrast with younger children, children aged 2-5 years who were attending day care were protected from IPD, compared with those who were cared for at home. However, as in infants and younger children, children aged 2-5 years were also at increased risk of IPD soon after enrollment, compared with those who had been in day care 12 months ( ). P p .06 trend
DISCUSSION
Infants born prematurely or with a low birth weight had significantly higher risk for IPD. Furthermore, having older siblings increased the risk of IPD among infants within the first 6 months of life, but the risk was lower among older children with older siblings. The risk associated with day care attendance was clearly increased among younger children. This risk was highest within 2 months of enrollment, particularly among children without older siblings, and it waned quickly.
There is an underlying consistency to these observations. Young infants appear to be protected from IPD, presumably by passively acquired antibodies from their mothers [21] [22] [23] . Antibody levels are lower in preterm and low birth weight infants, resulting in higher risks; however, in all children, maternally acquired antibodies wane to nonprotective levels 6-12 months after birth [24] . These children must acquire natural immunity unless they are immunized. Among very low birth weight infants, increased risk of IPD might also relate to factors associated with intensive care, such as receipt of parenteral nutrition and medication [25] .
IPD constitutes the most extreme outcome of pneumococcal infection; infection with less-severe outcomes are undoubtedly much more common. Most of these infections, whether severe or otherwise, would be naturally immunizing and, as has been demonstrated by the efficacy of the pneumococcal vaccine, the protection conferred by infection is likely to be durable [26] . Thus, young infants who have older siblings are quickly exposed to pneumococcus [27] [28] [29] [30] [31] . The great majority become im- NOTE. All variables are adjusted for the following confounders (the variable under study not included): birth weight, maternal age at delivery, number of older siblings, comorbidity, household income, level of education of the most highly educated person in the household, urbanization, and county of residence in Denmark.
a P values determined using the test for homogeneity. b Data about day care attendance were available only for dates beginning with 1 January 1989.
munized and protected against severe pneumococcal illnesses, although a few develop IPD as a consequence of first exposure. Similarly, those who escape infection earlier are rapidly exposed in the day care environment; again, this results in the occasional case of IPD, but these children more frequently develop lesssevere infections that give rise to immunity. The protective effect of day care in children aged 2-5 years is likely because these children have already achieved immunity as a result of previous exposure in day care. However, among those who were not immunized, the risk was also high soon after enrollment. Earlier studies have also reported having siblings and attending day care to be associated with higher risk of IPD [8] [9] [10] , but none have reported the impact of exposure to day care to be rapid.
Our study methods-a nested case-control study using population-based controls and exposure information from national registries-minimized the concern for selection and information bias, particularly recall bias. Even so, IPD is not common and, in some strata, few events occurred. Residual confounding from risk factors may occur, meriting caution in interpreting the results. For example, breast-feeding has previously been associated with a decrease in risk of IPD among infants [8] . In Denmark, 93% of mothers breast-feed their infants [32] ; however, we did not have information regarding this factor for individuals.
In conclusion, we found preterm birth and low birth weight to be risk factors for IPD. Having an older sibling increased the risk of IPD among infants 0-5 months of age. In contrast, children aged 6-23 months who had older siblings were protected from IPD, indicating that they had obtained natural immunization through infection. Attending day care increased the risk of IPD among children in the first few months after enrollment, by which time they were likely to have acquired natural immunity. The results of the present study should help to inform the debate about the need for immunization with pneumococcal vaccine, as well as alert clinicians to disease risks in social settings, such as large families and day care.
